To better understand the molecular mechanisms controlling development of sexual characters in Cycas edentata, we attempted to clone genes expressed differentially in male or female reproductive organs. We report a novel gene, named Fortune-1 (Ft-1), with enhanced expression in male reproductive organs. The 593-base-pair Ft-1 cDNA is predicted to encode a 77-amino-acid protein, and exists as a single copy gene in the C. edentata genome. Ft-1 expression is enhanced in male cones, including the cone axis, microsporophylls and microsporangia, but is reduced in ovules and undetectable in megasporophylls. Ft-1 is also weakly detectable in leaves. In roots and stems of C. edentata, Ft-1 transcripts are undetectable. The secondary structure prediction and homology search of Ft-1 protein show that it has a helixloop-helix motif, and is without any homologue in the database. q
Results
Cycas is a primitive dioecious gymnosperm genus, and its reproductive organs probably represent a transitional stage between ferns and other gymnosperms (Mamay, 1969) . Unlike other dioecious gymnosperms, the male and female reproductive organs of cycads are strikingly different (Johnson, 1959) . The male reproductive structure is a determinate cone, comprising a central cone axis bearing numerous microsporophylls spirally attached. Female cycads do not produce a compact, determinate cone, but bear successive and repeated zones of vegetative leaves, cataphylls and megasporophylls. The genetic mechanism of differentiation between reproductive structures is poorly understood. Initially, we designed a degenerate MADS-domain primer to clone MADS-box genes expressed in male or female reproductive organs. We obtained several cDNA fragments fortuitously besides MADS-box cDNAs, and report one such cDNA, Fortune-1 (Ft-1), a novel gene with enhanced expression in male organs of Cycas edentata.
A 358 bp fragment of Ft-1 cDNA obtained by degenerate polymerase chain reaction (PCR) was used to obtain the full-length cDNA by 5 0 RACE and the nucleotide sequence submitted to Genebank (accession number AY061990). The Ft-1 cDNA comprises 593 bp, containing an open reading frame (ORF) of 233 bp (Fig. 1A) which encodes a peptide of 77 amino acids. The deduced molecular weight of Ft-1 is 9 kDa and the estimated pI is 9.52. A search with BlastX reveals no known gene with homology to Ft-1, suggesting that Ft-1 is novel. MAXHOM search (Sander and Schneider, 1991) shows that Ft-1 shares sequence similarity only with partial sequences of MukB and YRBC protein in Escherichia coli and SEVENLESS protein of Drosophila (Fig. 1B) . The relevant amino acid sequence in MukB has a helix-loop-helix structure as determined by X-ray diffraction (van den Ent et al., 1999) . The secondary structure prediction of Ft-1 also shows a helix-loop-helix structure from Phe 35 to Glu 75 (Fig. 1C ). Genomic Southern analysis reveals Ft-1 to be a single copy gene ( Fig. 2A ). RNA blot analysis shows that Ft-1 is expressed in the integument, nucellus and gametophyte of ovules and the central axis, microsporophylls and microsporangia of male cones. Its expression is not detectable or present in very low amounts in megasporophylls, male and female vegetative tissues, including roots, stem and leaves (Fig. 2B ). It is noteworthy that Ft-1 expression is much higher in male tissues than in female, especially in homologous structures of reproductive organs. For example, Ft-1 is expressed at highest levels in the central axis of male cones, but a corresponding organ is absent in females, and megasporophylls are developed directly from the stem. Ft-1 transcript levels are strong in microsporophylls, but undetectable in megasporophylls, and are stronger in microsporangia than in the female gametophyte (Table 1) .
In situ hybridization analysis yields detailed expression patterns of Ft-1 in male and female reproductive organs (Fig. 3) . Hybridization signals using Ft-1 antisense probes can be observed in microsprorophylls, microsprangia and ovules. In ovules, Ft-1 expression is higher in the nucellus and inner layer of integument, than in the outer layer of integument. Ft-1 expression cannot be observed in female gametophytes because of fragility during post-hybridization washing. In males, Ft-1 expression is focused in vascular tissues of microsporophylls and the proximal parts of the microsporangia. Ft-1 signals are weaker in microsporangia than in microsporophylls. These data and results obtained from RNA blot analysis confirm that Ft-1 gene is significantly overexpressed in male reproductive organs of C. edentata.
Materials and methods

Plant materials
Plant materials of Cycas edentata were collected from the Singapore Botanic Gardens, the garden of the Department of Biological Sciences, National University of Singapore, Singapore and natural populations along the seashore of Desaru, Johor, West Malaysia.
Cloning and sequence analysis of Ft-1 cDNA
Total RNA was isolated from microsporophylls (Murray and Thompson, 1980) . Poly(A 1 ) RNA was isolated from total RNA by Oligotex w mRNA purification system (QIAGEN, Germany). The first strand of cDNA was synthesized by priming with the oligonucleotide 5 0 -GAGAGAGA-GAGAGAGAGAGAACTAGTCTCGAG(T) 18 -3 0 . The first strand cDNA pool was subjected to PCR amplification using oligo(T) 18 primer and a degenerate primer with the sequence 5 0 -AARMGIMGIAAYGGIYTIYTIAARAARGC-3 0 for the MADS domain (R represents A/G, M represents C/A, I represents A/T/C/G and Y represents T/C). Amplified products were cloned and sequenced. Full-length sequence was obtained by 5 0 /3 0 RACE Kit (Roche Diagnostics GmbH, Germany). Sequences were compared with GeneBank (Altschul et al., 1997) .
In situ hybridization
In situ hybridization was performed as described by Bowman et al. (1991) using the same Ft-1 cDNA fragment as the probe. Sense and antisense RNA probes were prepared with the DIG RNA labeling kit (Roche Diagnostics GmbH, Germany). 
